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Ser. No. 08/39O27Z filed Feb. 16. 1995 now VS. Pat. No. ^ v J C(L the ^ , j ££*in g 

5.489.678. which is a continuation of VS. patent appUcation f . tffifl ^ 

Sex. No. 07/624.120, filed Dec. 6. 1990. now abandoned. M ^ JHEtote the steps of faming a 

which is a continuation-in-part of VS. patent appUcanon ln ralitv ^ n^y^ oa „ jubstrate in selected 

Ser. No. 07/492.462. filed Mar. 7. 1990. now U S. Pat- No P ^ ^ ^^ fannal by ^ steps of ^ 
5.143.854, which is » conwnation-in-part of VS. patent ^ Mtl ^ of , nbi ^ tald i iu ^, llorio>orttie 
application Ser. No. 07/362501, filed fcn. 7. 1989. now ^ {o rcm0V£ a g^p, ^ conuct- 

abandoned. and hereby incorporated heron by reference for u ^ Jurfacc ^ a m3DOmcr . contacting the plurality of 
all purposes. This application is also a ^contmuafaon-m-pait polyma3 ^ a contacting the ligand with 

of US. patent application Set No. 08/456.887. filed Jim. 1, a Ubeled receptor 

1995. which is a division of US. patenl Ration Ser. No. • ^ f me i^ved 

07/954.646. filed Sep. 30 1992. now PaL No^.445 ^J^^ « ^ovided. Adding 

Sfeo^r 1? KSS, - »W« o^e invent, compound bavin, the 

783, which is a division of U.S. patent application Sex. No. i«muja. 

07/492,462. filed Mar. 7, 1990, now US. Pat. Set. No. tf ^ ' 

5,143,854, which is a continuation-in-part of US. patent {? 1 I 

application Ser. No. 07/362,901 filed Jan. 7, 1989. now ^ /fl^ ^^y^^^ 

abandoned. y"\ 0 / . T f J 

This application is also related to US. patent application rt^v^^q^ 
Ser. No. 08/670,1 18 filed Jun. 25, 1996, which is a division J 
of U.S. patent application Set No. 08/168.104, filed Dec. 15, 0M * 
1993, which is a continuation of U.S. patent application Set. x 

No, 07/624.114, filed Dec 6, 1990, now abandoned, and wherein n=0 or 1; Yis selected from the group consisting of 
US. patent application Set No. 07/626,730, filed Dec 6. ^ oxygen of the carboxyl group of a natural or unnatnral 
1990. now U.S. PaL No. 5347.839. and also incorporated amino acid, an amino group of a natural or unnatural amino 
herein by reference for all purposes. arid, or the C-5* oxygen group of a natural or unnatural 

33 deoxyribonucleic or ribonucleic acid; R 1 and R 2 indepen- 
COPYRIGHT NOTICE dentry axe a hydrogen atom, a lower alley L, aryL benzyL 

A portion of the disclosure of this patent document halogen, hydroxyL aiioxyt thiol nMoeth^amino, mtro. 
coma^mierLl which is subject to ccp£ght protection. carboxyL formate, fc^anudo sulfide, or 1*°^ S»W 
Tne copyright owner has no\*jecrio? to the facsimile and R 3 is a alkoxy, aftyi axyl, hydrogen, or alkenyl group 
reproduction by anyone of me paient document or the patent «J is provided. 

Closure as it appears in tfaeVatent and Trademark Office The invention ^P^J^P^J^8 tcch " 
™SL or JcTbot otherwise reserve, all copyright niqucs for the VL^^c^o^. According to one 
• ht wh^tT aspect of the nusking technique, the invention provides an 

rights whatsoever. ordered method for forming a plurality of polymer 

BACKGROUND OF THE INVENTION 45 sequences by sequential addition of reagents comprising the 

step of serially protecting and deprotecting portions of the 
The present invention relates to the field of polymer plurality of polymer sequences for addition of other portions 
synthesis. More specifically, the invention provides a reactor Q ^ ^ polymer sequences using a binary synthesis strategy, 
system, a masking strategy, pbotcranovable protective improved data collection equipment and techniques are 
groups, data collection and processing techniques, and appii- ^ a j 5Q ^oy^^ According to coe embodiment, the instru- 
catioos for light directed synthesis of diverse polymer notation provides a system for determining affinity of a 
sequences on substrates, receptor to a ligand comprising: means for applying light to 

, „ ^ wrt v T a surface of a substrate, the substrate comprising a r^uraliry 

SUMMARY OF THE INVENHON rf ^ prcdctominc<1 locadoos . m 7means for provid- 

Methods. apparams, and comrxwirjons for synthesis and 35 ing simultaneous illrrmi Marion at a plurality of the predcter- 

nse of diverse polymer sequences on a substrate are mined locations; and an array of detectors for d etecting light 

disclosed, as well as applications thereof. fluoresced at the plurality of predetermined locations. The 

According to one aspect of the invention, an improved invention further provides for improved data 

reactor system for synthesis of diverse polymer sequences tuques including the steps of exposing fluora cently Ubc^ 

on a substrate is provided. According to this crnbodiment the 60 receptors to a substrate, the substrate comprising a plurality 

invention provide s for a reactor for contacting reaction fluids of Uganda in regions at known locations; at a plurality ot 

to a substrate; a system for delivering selected reaction fluids data collection points within each of the regions, detennin- 

to the reactor- a translation stage for moving a mask or ing an amount of light fluoresced from the data col lectio n 

substrate from at least a first relative location relative to a points; removing v the data collection points deviating from a 
second relative location; a tight for iUuminating the substrate 63 predetermined statistical distribution; and dete rrmmng a 

through a mask at selected times; and an appropriately relative binding affinity of the receptor to r em a inin g data 

raxgrammed digital computer for selectively directing a collection points. > 
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Protected amino acid N-carboxy anhydrides for use in B. Binary Synthesis Strategy 
polymer synthesis are also disclosed According to this 1. Example 

aspect, the invention provides a compound having the for- 2, Example 

maU; 3. Example 

3 4. Example 

5. Example 

6. Example 
C linker Sclcctioo 

X o N " D. Protecting Groups 

^7 io 1, Use of Photoremovable Groups During Solid-Phase 

£ \ Synthesis of Peptides 

2. Use of Riotorc movable Groups During Solid-Phase 

. , Synthesis of Oligonucleotides 

whrre R is a side chain of a natural or unnatural amino acic _ . . , » r ^ . ' . ... t, > . ... 

wnere r. is a ww= *.u*ui v* Amino Acid N-Carboxy Anhydrides Protected with a 

and X is a pbotoremovable protecting group. 15 , M . rvom/ 

A ftutber\u^Unding of the nature and advantages of n ^f^Sfn ? 

the inventions herein may be realized by reference to the lv * uaa "~ . 

remaining portions of the specification and the attached A. Data Collection System 

drawings. B. Data Analysis 

— " ^ V. Other Representative Applications 

BRIEF DESCRIPTION OF THE DRAWINGS a. Oligonucleotide Synthesis 

FIG. 1 schematically illustrates light-directed spatially- ^J^TJ^ 

addressable parallel chemical synthesis; c ^ 

FIG. 2 schematically illustrates one example of light- ^ L DEFINITIONS 

directed peptide synthesis; Certain terms used herein are intended to have the fol- 

FIG. 3 is a three*<iimensioaal representation of a portion lowing general definitions: 

of the checkerboard array of YGGFL and[PGGFL; x Complementary: 

FIG. 4 schematically illustrates an automated system fa Refers to the topological compatibility or matching 

synthesizing diverse polymer sequences; 30 together of interacting surfaces of a ligand molecule and its 

FIGS. Sa and Sb illustrate" operation of a program for receptor. Thus, the receptor and its ligand can be described 

polymer sythesis* as complementary, and furthermore, the contact surface 

FIGS. 4a and to are a schematic illustration of a -pure" characteristics are complementary to each other. 

binary masking strategy; . c . 35 ^ Tb^ortioQ of an antigen molecule which is delineated by 

FIGS. 7a and7o arc a schematic illustration of a gray code ^ ^ f ifl£cr4Ction ^ ^ subcUw of rcC eptors known 

binary masking strategy; as antibodies. 

FIGS. 8a and to arc a schematic illustration of a modified 3 jj^d: 

gray code binary masking strategy; A Ugand is a molecule that is recognized by a particular 

FIG. 9a schematically illustrates a masking scheme for a 40 receptor. Examples of li gauds that can be investigated by 

four step synthesis; this invention inrlndr, but arc not restricted to, agonists and 

FIG. 96 schematically illustrates synthesis of all 400 antagonists foe cell membrane rcceptcrs. toxins and venoms, 

peptide dimers- viral epitopes, hormones, hormone receptors, peptides, 

FIG It is a coordinate map for the ten-step binary enzymes, enzyme substrates, cofactors, drugs (e.g. opiates, 

th ' • * as stcriods, etc.). lectins, sugars, oligonucleotides, nucleic 

synthesis, acids, oligosaccharides, proteins, and monoclonal anribod- 

FIG. U schematically illustrates a data collection system; ie$ 

FIG. 12 is a block diagram illustrating the architecture of 4 Monomer: 

the data coUcctioQ system; a member of the set of small molecules which can be 

FIG. 13 is a flow chart illustrating operation of software 30 joined together to form a polymer. The set of monomers 

for the data collection/analysis system; and includes but is not restricted to, for example, the set of 

FIG 14 illustrates a three-dimensional plot of intensity common L- amino acids, the set of D-amino adds, the set of 

versus position for light directed synthesis of a dinucleotide, synthetic amino acids, the set of nucleotides and the set of 

pentoses and hexoses. As used herein, monomers refers to 

DESCRIPTION OF THE PREFERRED 55 uy member of a basis set for synthesis of a polymer. For 

EMBODIMENTS example, aimers of the 20 naturally occurring L-amino adds 

form a basis set of 400 monomers for synthesis of porypep- 

CONTENTS tides. Different basis sets of monomers may be used at 

1 Definitions successive steps in the synthesis of a polymer. Furt h erm or e, 

IL General w of the sets may include protected members which are 

Deprotection and Addition modified after synthesis. 

1. Example 5. Peptide: 

2. Example A polymer in which the monomers are alpha amino acids 
B. Antibody recognition and which are joined together through amide bonds and 

1. Example « alternativdy referred to as a polypeptide. In the context-of 

in Synthesis this specification it should be appreciated that the amino 

A. Reactor System acids may be the L-optical isomer or the D-optical isomer. 
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Peptides arc often two or more amino acid monomers long, 
and often more than 20 amino acid monomers long. Stan- 
dard abbreviations for amino acids arc used (e.g.. P for 
proline). These abbreviations are included in Server, 
Biochemistry. Third Ed.. 1988. which is incorporated herein 
by reference for all purposes. 

6. Radiation: 

Energy which may be selectively applied ^including 
energy having a wavelength of between 1CT 14 and 10r 
mc tcrs including, for example, electron beam radiation, 
gamma radiation, x-ray radiation, ultraviolet radiation, vis- 
ible Hgbt infrared radiation, microwave radiation, and radio 
waves. "Irradiation" refers to the application of radiation to 
a surface. 

7. Receptor. 

A molecule that has an affinity far a given ligand. Recep- 
tors may-be iiamraUy-occurring or man ma de molecules. 
Also, they can be employed in their unaltered state or as 
aggregates with other species. Receptors may be attached, 
covalently or noocovalcntly, to a binding member, either 
directly or via a specific binding substance. Examples of 
receptors which can be employed by this invention include, 
but are not restricted to, antibodies, cell membrane 
receptors, monoclonal antibodies and antisera reactive with 
specific antigenic determinants (such as on viruses, cells or ^ 
other materials), drugs, polynucleotides, nucleic acids, 
peptides, cof actors, lectins, sugars, poly saccharides, cells, 
cellular membranes, and organelles. Receptors are some- 
times referred to in the art as anti-ligands. As the term 
receptors is used herein, no difference in meaning is 
intended- A Tigand Receptor Pair" is formed when two 
macro molecules have combined through molecular recog- 
nition to form a complex- Other examples of receptors which 
can be investigated by this invention include but are not 
restricted to: 

a) Microorqanism receptors: 
Determination of ligands which bind to receptors, such 

as specific transport pro trim or enzymes essential to 
survival of microcrganiams, is useful in developing 
a new d»« of antibiotics. Of particular value would ^ 
be antibiotics against opportunistic fungi, protozoa, 
and those resistant to the antibiotics in 

current use. 

b) Enzymes 



e) Cararytic Polypeptides: 
Polymers, preferably polypeptides, which are capable 

of promoting a chemical reaction involving the con- 
version of one or more rcactants to one or more 
products. Such polypeptides generally include a 
binding site specific for at least one reactant or 
reaction intermediate and an" active functionality 
proximale to the binding site, which functionality is 
capable of chemically modifying the bound reactant. 
Catalytic polypeptides arc described in. for example, 
U.S. Pat- No. 5.215.899, which is incorporated 
herein by reference for all purposes. 

f) Hormone receptors: 
Examples of hormones receptors include, eg., the 

receptors for insulin and growth hormone. Determi- 
nation of the ligands which bind with high affinity to 
a receptor is useful in the development of, for 
example, an oral replacement of the dally injections 
which diabetics must take to relieve the symptoms of 
diabetes, and in the other case, a replacement for the 
scarce human growth hormone which can onty be 
obtained from cadavers or by recombinant DNA 
technology. Other examples are the vasocoastrictivc , 
hormone receptors; determination of those ligands 
which bind to a receptor may lead to the develop- 
ment of drugs to control blood pressure, 
g) Opiate receptors: 
Determination of hgands which bind to the opiate 
receptors in the brain is useful in the development of 
less-addictive replacements for morphine and relaxed 
drugs. 

8. Substrate: 

A material having a rigid or semi-rigid surface. In many 
ernbodimenls. at least one surface of the substrate will be 
35 substantially flat, although in some embodiments ft may be 
desirable to physically separate synthesis regions for differ- 
ent polymers with, for example, wells, raised regions, etched 
trenches, or the like. According to other embodiments, small 
beads may be provided on the surface which may be released 
upon completion of the synthesis. 

9. Protective Group: 
A r"»fi"ri*i which is chemically bound to a monomer unit 

and which may be removed upon selective exposure to an 
activator such as electromagnetic radiation- Examples of 
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For instance, one type of receptor is the binding site of 43 protective groups with utility herein include those c oiupri s- 

w *v- .^.rr« M i>MnAnei*h1^ fnr rlrav- iwr^nv1rrWh«TV-«rhonvL IlilTOVei Mil vL 



enzymes such as the enzymes responsible for cleav 
ing neurotransmitters; determination of ligands 
which bind to certain receptors to modulate the 
action of the enzymes which cleave the different 
neurotransmitters is useful in the development of 
drugs which can be used in the treatment of disorders 
of neurotransmission, 
c) Antibodies: 
For instance, the invention may be useful in investi- 
gating the ligand-binding site on the antibody mol- 
ecule which combines with the epitope of an antigen 
of interest; oeterjriining a sequence that mimics an 
antigenic epitope may lead to the-development of 
vaccines of which the immunogen is based on ooe or 
more of such sequences or lead to the development 
of related diagnostic agents or compounds useful in 
therapeutic treatments such as for auto-immune dis- 
eases (eg., by blocking the binding of the "self* 
antibodies), 
d) Nucleic Acids: 
Sequences of nucleic acids may be synthesized to 
establish DNA or RN A binding sequences. 
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ing nirropipcronyL pyienylmethccry^arbooyL nitroveratryl. 
nitrobenzyl. dimethyl dime thoxy benzyl, 5-bromo-7- 
nitroindolinyl, o-hydroxy-a-methyl cinnamoyi, and 
2-oxymethyiene anthraquinone. 

10. Predefined Region: 

A predefined region is a localized area on a surface which 
is. was, or is \r^^nArA to be activated for formation of a 
polymer. The predefined region may have any convenient 
shape, eg., circular, rectangular, elliptical, wedge-shaped, 
etc. For the sake of brevity herein, '^predefined regions" are 
sometimes referred to simply as "regions.*" 

11. Substantially Pure: 

A polymer is considered to be ^substantially pure" within 
a predefined region of a substrate when it exhibits charac- 
teristics that distinguish it from other predefined regions. 
Typically, purity will be measured in terms of biological 
activity or function as a result of uniform sequence. Such 
characteristics will typically be measured by way of binding 
with a selected ligand or receptor. 

12. Activator refers to an energy source adapted to render a 
group active and which is directed from a source to a 
predefined location on a substrate. A primary illustration of 
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an ictivator is light Other examples of ictivators include ion After derxotection, a first of a set of building blocks 

K-irm r i^rtrir firiii. pm£fw> fjr firUt, M#rfmn K-ajmu y.piy, (indicated by "A" in FIG. 1), each bearing a photoiabile 

and the innr protecting group (indicated by "X") is exposed to the surface 

13. Binary Synthesis Strategy refers to an ordered strategy of the substrate and it reacts with regions that were 
for parallel synthesis of diverse polymer sequences by 5 addressed by light in the preceding step. The substrale is 
sequential addition of reagents which may be represented by then illuminated through a second mask Ab t which activates 
a reactant matrix, and a switch matrix, the product of which another region for reaction with a second protected building 
is a product matrix. A reactant matrix is a lxn matrix of the block "B". The pattern of masks used in these uUuminatioos 
building blocks to be added. The dements of the switch ^ me 0 f reactants define the ultimate products 
matrix axe binary numbers. In preferred embodiments, a K lnd mcir loc4tioa5> resulting in diverse sequences at pre- 
binary strategy is one in which at least two success^ steps locations> M showD ^ mc spaces ACEG and 
Nominate half of a region of interest on flic substrate. In . ±c lowcr po^on of FIG. 1. Preferred embodi- 
mo« preferred embodiments, binary synthesis refers to a tendon take advantage of combinatorial 
svnthesis strategy which also factors a previous addition ™ CD ~ ™ . " , t , 
Scp^exam^. a strategy in which a switch matrix f or a masking s ^"* f01 ? * DUmbar ™ 
ma^gTtraSgy halves regions that were previously « * «un number of cbemical steps. ^ 

muminied, aiimiinating about half of the previously fllu- A high degree of r m manrn7 * h on is possible because the 
r^-n^ region and prelecting the remaining half (while also density of compounds is determined largely with regard to 
protecting about half of previously protected regions and spatial addressability of the activator, in one case the dif- 
i Hmm'»«Hn g about half of previously protected regions). It fraction of light. Each compound is physically accessible 
will be recognized that binary rounds may be interspersed 30 and its position is precisely known. Hence, the array is 
with non-binary rounds and that only a portion of a substrale srwriafly-addressable and its interactions with other mol- 
may be subjected to a binary scheme, but will still be ecules can be assessed. 

considered to be a binary masting scheme within the in a particular embodiment shown in FIG. L, the substrate 
definition herein. A binary "masking* strategy is a binary contains amino groups that are blocked with a photoiabile 
synthesis which uses light to remove protective groups from 25 protecting group. Amino acid sequences arc made accessible 
i-na/m'^u for addition of other m a rniah such as amino acids. coupling to a receptor by removal of the rjfaotoprotectrve 

In preferred crnbodiments, selected columns of the switch groups. 

matrix arc arranged in order of increasing binary numbers in When a polymer sequence to be synthesized is. for 
the columns of the switch matrix. example, a polypeptide, amino groups at the cods of linkers 

14. Unfa refers to a molecule or group of molecules x atuchcd to a gUss substrate are derivatized with nitrovera- 
attached to a substrate and spacing a synthesized polymer ^ loxycarbonvI (NVOQ, a photoremovable protecting 
from the substrate for exrx*ure/bin<hng to a receptor. group. The Hnker molecules may be, for example, aryl 

EL General acetylene, ethylene glycol oligomers containing from 2-10 

The present invention provides synthetic strategies and monomers, diamines, diadds. amino acids, or combinations 
devices for the creation of large scale chemical diversity. 3J thereof Photodcprotection is effected by illumination of the 
Solid-phase chemistry, photoiabile protecting groups, and substrate through, for example, a mask wherein the pattern 
photolithography are brought together to achieve light- has transparent regions with dimensions of, for example, 
directed spatially-addressable parallel chemical synthesis in less than 1 cm 2 . 10*" 1 cm 2 , 10~ 2 cm 2 . 10"° cm 2 , 1CT* cm 2 , 
p referred embodiments. 10" 3 cm 2 , 10~* cm 2 , 1CT 7 cm 2 , IQT* cm 2 , or 1(T 10 cm 2 . In 

The invention is described herein for purposes of fllns- *c a preferred embodiment, the regions are between about 
tration primarily with regard to the preparation of peptides 10x10 um and 500x500 um. According to some 
and nucleotides, but could readily be applied in the prcpa- embodiments, the masks are arranged to produce a cbeck- 
ration of other polymers. Such polymers include, for crbojcd array of polymers, although any one of a variety of 
example, both linear and cyclic polymers of nucleic acids, geometric configurations may be ut fl i7 fd 
porysaccharides, phospholipids, and peptides having either 45 1. Example 

a-, or 0 amino acids, betcroporymers in which a known In one example of the invention, free amino groups were 
drug is covalentry bound to any of the above, poryurethanes, fluoresce dry labelled by treatment of the entire substrale 
polyesters, polycarbonates, polyureas, polyamides, surface with fluorescein isothiocynatc (FXTQ after photo- 
rx^yemyleneirnines. polyarylene sulfides, polysiloxancs. deprotcction. Glass rmcroacope slides were cleaned, ami- 
poryimides, polyacetates. or other polymers which will be 50 rated by treatment with 0.1* ammopropyltriethoxysilane in 
apparent upon review of this disclosure. It will be recog- 95% ethanol. and incubated at 110° C for 20 min. The 
nized further, that illustrations herein are primarily with a min if rd surface of the slide was then exposed to a 30 mM 
reference to C- to N-tenninal synthesis, but the invention solution of the N-hydrox^stwxinirmde ester of NVOC- 
could readily be applied to N- to C-terminal synthesis GAB A (nitrovcxan^loxycarbonyl-T-amino butyric acid) in 
without departing from the scope of the invention. 55 DMF. The NVOC protecting group was photolytically 

A- Deprotection and Addition removed by imaging the 365 um output from a Hg arc lamp 

The present invention uses a r"«« v ~< light source or other through a chrome on glass 100 um checkerboard mask onto 
activator to direct the t^" 1 **™™" synthesis of many dif- the substrate for 20 min at a power density of 12 mW/cm 2 . 
ferent chemical compounds. FIG. 1 is a flow chart flJUistrat- The exposed surface was then treated with 1 mM FTTC in 
ing the process of forming cbemical compounds according 60 DMF. The substrate surface was scanned in an epi- 
to one embodiment of the invention. Synthesis occurs on a fluorescence imcroscope (Zeiss Axioskop 20) using 488 nm 
solid support Z A pattern of illumination through a t»»<^ 4a excitation from an argon ion laser (Spectra-Physics model 
nring a light source 6 determines which regions of the 2025). The fluorescence emission above 520 nm was 
support are activated for chemical coupling. In one preferred detected by a cooled photomultiplier (Hamamatsu 943-02) 
embodiment activation is accomplished by using light to 65 operated in a photon counting mode. Fluorescence intensity 
remove photoiabile protecting groups from selected areas of was translated into a color display with red in the highest 
the substrate. intensity and black in the lowest intensity areas. Tbc prcs- 
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cncc of a high-contrast fluorescent checkerboard pattern of 
100x100 um elements revealed that free amino groups were 
generated in specific regions by span ally localized photo- 
deprotection. 
2. EXAMPLE 

FIG. 2 is a flow chart illustrating another example of the 
invention. Carboxy-activated NVOC-leacine was allowed to 
react with -an aminated substrate. The carboxy activated 
HOBT ester of leucine and other amino acids used in this 
synthesis was formed by mixing 0.25 mmol of the NVOC 
amino protected amino acid with 37 mg HOBT 
(l-hyaroxybenzotriazolc). 111 mg BOP (beiizotriazolyl-n- 
oxy-tris (dime thy lamino)-phospho niumhexa- 
fluorophospbate) and $6 ul DCEA (diisoprcpylemylAinine) in 
2.5 ml DMF. The NVOC protecting group was removed by 
uniform illumination. Carboxy-activated NVOC- 
phenylalanine was coupled to the exposed amino groups for 
2 hours at room temperature, and then washed with DMF 
and methylene chloride. Two unmasked cycles of photo- 
deprotection and coupling with carboxy-activated NVOC- 20 
glycine were carried out The surface was then flkmrinarrd 
through a chrome on glass 50 ul checkerboard pattern mask. 
Carboxy-activated Na-tBOC-O-tButyl-L-tyrosine was then 
added. The entire surface was uniformly illuminated to 
photolyze the remaining NVOC groups. Finally, carboxy- 25 
activated NVOC-L-proline was added, the NVOC group 
was removed by iHumination, and the t-BOC and t-butyl 
protecting groups were removed with TFA. After removal of 
the protecting groups, the surface consisted of a 50 um 
checkerboard array of Tyr-Gly-Gly-Phe-Leu (YGGFL) 
(Seq.XD No:l) and Pro-Gly-Gly-Phe-Leu (PGGFLXSeq. TJD 
No:2). 

B. Antibody Recognition 

In one preferred embodiment the substrate is used to 
determine which of a plurality of amino acid sequences is 
recognized by an antibody of interest. 

1. EXAMPLE 

In one example, the array of penripcptides in the example 
illustrated in FIG. 2 was probed with a mouse monoclonal 



mean intensity of sixteen YGGFL synthesis sites was 2.03x 
10 3 counts and the standard deviation was 9.6x10 s counts. 

EL Synthesis 

A. Reactor System 
3 FIG. 4 schematically illustrates a device used to synthe- 
size diverse polymer sequences on a substrate. The 
substrate, the area of synthesis, and the area for synthesis of 
each individual polymer could be of any size or shape. For 
example, squares, ellipsoids, rectangles, triangles, circles, or 
to portions thereof, along with irregular geometric shapes may 
be utilized. Duplicate synthesis areas may also be applied to 
a single substrate far purposes of redundancy. 

In one embodiment, the predefined regions on the sub- 
strate will have a surface area of between about 1 cm 2 and 
15 10~ lo cm 2 . In some embodiments the regions have areas of 
less than about 1CT 1 cm 2 . 10~ 2 cm 2 . l(T 3 cm 2 . 1CT 1 cm 2 . 1(T 3 
cm 2 . lCT 6 cm 2 . lCrW. 1(T* cm 2 , 10** cm 2 or 1CT 10 cm 2 . 
In a preferred embodiment* the regions are between atx)ut 
10x10 um 

in some embodiments a single substrate supports more 
than about 10 different monomer sequences and pcrferably 
more than about 100 different monomer sequences, although 
in some embodiments more than about 10 3 , 10*, 10 s /10 6 , 
10 7 , or 10* different sequences are provided on a substrate. 
Of course, within a region of the substrate in which a 
monomer sequence is synthesized, it is preferred that the 
monomer sequence be substantially pure. In some 
embodiments, regions of the substrate contain polymer 
sequences which are at least about 1%, 5%, 10%, 15%. 20%. 
25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 
95%, 96%, 97%, 98%. or 99% pure. The device includes an 
automated peptide synthesizer 40 L The automated peptide 
synthesizer is a device which flows selected reagents 
through a flow cell 4f2 under the direction of a computer 
404. In a preferred embodiment the synthesizer is an ABI 
Peptide Synthesizer, model do. 43 LA. The computer may be 
selected from a wide variety of computers or discrete logic 
including for. example, an IBM PC-AT or similar computer 
linked with appropriate internal control systems in the 
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antibody directed against p-endorphin. This antibody (called 40 peptide synthesizer. The PC is provided with signals from 

3E7) is known to bind YGGFL and YGGFM (Seq. ID the board computer indicative of. for example, the end of a 

No:21) with nanomolar affinity and is discussed in Meo et coupling cycle. 

aL, Proc. Natl. Acad ScL USA (1983) 80:4084, which is Substrate 4#6 is mounted on the flow cell, forming a 

incorporated by reference herein for all purposes. This cavity between the substrate and the flow celt Selected 

antibody requires the amino terminal tyrosine for high 45 reagents flow through this cavity from the peptide synthe- 

affinity binding. The array of peptides formed as described sizer at selected times, forming an array of peptides on the 

in FIG. 2 was incubated with a 2 ug/ml mouse monoclonal face of the substrate in the cavity. Mounted above the 

antibody (3E7) known to recognize YGGFL. 3E7 does not substrate, and preferably in contact with the substrate is a 

bind PGGFL A second incubation with fluorescein a rrd goat mask 408. Mask 449 is transparent in selected regions to a 

anti-mouse antibody labeled the regions that bound 3 E7. The so selected wavelength of light and is opaque in other regions 

surface was scanned with an epi-fluorescence microscope. to the selected wavelength of light The mask is illuminated 

The results showed alternating bright and dark SO um with a light source 410 such as a UV light source. In one 

squares indicating that YGGFL and PGGFL were synthe- specific embodiment the light source 410 is a model no. 

sized in geometric array determined by the mask. A high 82420 made by OricL The mask is held and translated by an 

contrast (>12:1 intensity ratio) fluorescence checkerboard 55 x-y-z translation stage 412 such as an x-y translation stage 

image shows that (a) YGGFL and PGGFL were synthesized made by Newport Corp. The computer coordinates action of 

in alternate 50 um squares, (b) YGGFL atuched to the the peptide synthesizer, x-y translation stage, and light 

surface is accessible for binding to antibody 3E7. and (c) source. Of course, the invention may be used in some 

antibody 3E7 docs not bind to PGGFL- embodiments with transition of the substrate instead of the 

A three-dimensional representation of the fluorescence 60 mask, 

intensity data in a portion of the checkboard is shown in FIG. In operation, the substrate is mounted on the reactor 

3. This figure shows that the border between synthesis sites cavity. The slide, with its surface protected by a suitable 

is sharp. The height of each spike in this display is linearly photo removable protective group, is exposed to tight at 

proportional to the integrated fluorescence intensity in a 2.5 selected locations by positioning the mask and illuminating 
um pixel. The transition between PGGFL and YGGFL 65 the light source far a desired period of time (such as, for 

occurs within two spikes (5 um). There is little variation in example, 1 sec to 60 min in the case of peptide synthesis), 
the fluorescence intensity of different YGGFL squares. The A selected peptide or other inoncmerVpolymer is pumped 
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through the reactor cavity by the peptide synthesizer far in a synthesis region. A substrate formed with mixtures of 

Hrvtin g at the selected locations on the substrate. After a compounds in various synthesis regions may be used to 

selected reaction time (such as about 1 sec to 300 min in the perform, for example, an initial screening of a large number 

case of peptide reactions) of the monomer is washed from ^ compounds, after which a smaller number of compounds 

the system, the mask is appropriately repositioned or 3 i° regions which exhibit high binding affinity are further 

replaced- and the cycle is repeated. In most embodiments of screened. . S i mil a r results may be obtained by only partially 

the invention, reactions may be conducted at or near ambient photylizing a region, adding a first monomer, re-photylizing 

temperature. tbc ^ region, and exposing the region to a second 

FIGS. Sa and Sb are flow charts of the software used in ? c ?? mcr - c . . e 

operation of the reactor system. At step 502 the peptide ic B- Bmary Synthesis Strategy^ . ^ 

synthesis software is initialized. At step 504 the system J^J^^ ^ ? ^V*' ? C 

calibrates positioners on the x-y translation stage and begins ^fi^n°° ^ °n 

• i *. ^ ^ J _ . .TrTf order of reactants. To make a set of products there will in 

* "^i 00 ^ * 6 ***** de r m Jf Whl ^J g=~nd be "n" possible masking schemes. In preferred 
«y^me fcnenon faysoa the corrrputerhave been pressed. JUxhments of tte invention herein a binary £S 

* n £^P^ te <>^P^teui«tei^ " «™*8y-i* utilized The binary synthesis strategy is iUus- 

of a desired synthesis process If the user enters F2. the ^ ^ ^ ^ ^ to , , 

system l allow, a user to edit a file for a synthesw process at ^gfa i! will be applicable to other polymer syntb^s 

step 510. If the utters F3 the system loads a process strategies such as the pi* strategy, and theW 

from a disk at step 512. If the user enters F4 the sysfcrn saves b , ^ ^ 5trsl ^ tbe h 

an _ entered credited process to disk at sop 514. IT the use 20 wift a to mask, orx^ to a to building Mock, irradiated 

selects FS the current process is displayed at step 5W while ^ , jecond mask, exposed to a second building Mock, etc 

selection of F» starts the main portion of the programme, ^ a^^^ of j^di^ Md apoJurc to a 

the actual synthesis according to the selected process. If the building block is referred to herein as a "cycle." 

user selects F7 the system displays the location of the In , prefcm^ bincy masking scheme, the misks for each 

synthesized peptides, while pressing Fll returns the user to 25 cycle allow irradiation of half of a rtgioc of interest on the 

toe Ji lk ,?P? ,tin * * y ! tan '^ . .... , , substrate and protection of the remaining half of the region 

nG.5Affltutnre3 the svnttesiss^ 518 in greater detaO. rf iaere3L By h ^ jme^ herem not to ^ 

The main loop of the program is started in which the system one-half the region of interest, but instead a lane 

to moves the mask to a next position at step 526. During of toe re ^ 00 of mterejt as from about 30 to 70 

the main loop of the program necessary chemicals flow 30 ^ eat of me ^ oa of u ^ te ^ 

through the reaction cell under the direction of the on-board ^ eatire ^ Deed not take a binary form; 

computer in the peptide synthesizer. At step 528 the system non-binary cycles may be introduced as desired 

then waits for an exposure command and. upon receipt of the between binary cycles 

exposure ^cc^d exposes the^ substrate for a desired time la^aiaicmbo^aticCtoeti^m^^^cn^ 

at step 530. When an acknowledge of exposure complete is 33 , ^ ven cy de mumiaates 0 oly about half of the region which 

received at step 532 the system determines if the process is WM minmnlted ^ a previous cy d£ , whfle protecting the 

complete at step ,534 1 and. if so waits for additional keyboard remammg half cf the illirminitH portioo from the previous 

input at step 534 and, (hereafter, exits the perform synthesis ^ Conversely, in such preferred embodiments, a given 

. . , , cyde i l l uminat e s half of the region which was protected in 

A compute program used for operation of the system ao toe cyde ^ ^ IhE regi on which was 

described above is included as microfiche Appenda A protected in a previous cycle 

(Copyright, 1990. Affymax Technologies N V., aU rights ^ 3ynlb - lis a^gy is ^ relday u^*^ ^ 

reserved). The program is written in Turbo C++ (Borland h notltiolL ^ ^ ite ^ 

Infl) and has been implemented in an IBM compatible teaniniHo* of whether to add a given monomer is a binary 

^^T** oo tere0fl ?° l » from ^« 45 Focess. Therefore, each product element P. i, given by the 

proancec try Newport corporation. It will be recognized that dot product of two vectors, a chemical reacunt vector, ce., 

• Urge vancty of pro^amming languages could be utilized <>[AJB.CD]. and a binary vector o r Iaspection of the 
without departing from the scope of the invention herein. Fodrjc ts in the example below for a four-step symheais. 
Certain calls are made to » graphics program ^^ogram- ^ ^ ^ onc foU r-step synthesis q>[l,0.1,0], o^l.O, 
mer Guide to PC and Video Systems^ (Wilton, 30 0il]t O3=[0 , U .0]. and o 4 =(0.1,0,l]. where a 1 indicates 
Microsoft Press, 1987), which is incorporated heron by ninminirinn a 0 indicates protection. Therefore, it 
rtfercace for ^P^P 05 "; t . , ^ becomes possible to bufld a -switch matrix" S from the 

AUgrm^nt rf^ irusku achieved by one of two methods c»lumn vectors a y (j=lJc where k is tri^numrxrrfproo^cts). 
m preferred embodiments. In a first embodiment the system 

relies upon relative ilignmrnt of the various components, 55 a ( 03 oj a< 
which is normally acceptable since x-y-z translation stages 
are capable of sufficient accuracy for the purposes herein. In 
alternative embodiments, alignment maris on the substrate 
are coupled to a CCD device for appropriate alignment. 

According to some embodiments, pure reagents are not 60 
added at each step, or complete photolysis of the protective 

groups is not provided at each step. According to these The outcome P of a synthesis is simply P*CS, the product 

ernbodiments. multiple products will be farmed in each of the chemical reactant matrix and the switch matrix, 

synthesis site. For example, if the monomers A and B are The switch matrix for an n-cycle synthesis yielding k 

mixed during a synthesis step, A and B will bind to depro- 65 products has n rows and k columns. An important attribute 

tected regions, roughly in proportion to their concentration of S is that each row specifies a mask. A two-dimensional 

in solution. Hence, a mixture of compounds will be formed mask xm for the jth chemical step of a synthesis is obtained 
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directly from the jtfa row of S by placing the elements . locations on the substrate are simply defined by the columns 
. . s jlc into, far example, a square format The particular of the switch matrix (the first column indicating, for 
arrangement below provides a square format although lin- example that the product ABCD will be present in the upper 
ear or other arrangements may be utilized. left-hand location of the substrate). Fuxmerxnore, if only 

selected desired products are to be- made, the mask sequence 
can be derived by extracting the columns with the desired 
ru *b m *u *ji sequences. For example, to form the- product set ABCD. 

S %i m i» ii4 mi= ^ ABD. ACD. AD, BCD. BD. CD. and D. the masks are 

formed by use of a switch matrix with only the 1st 3rd, 5th, 
10 7th. 9th. 11th, 13th, and 15th columns arranged into the 
switch matrix: 
Of course, compounds formed in a light-activated syn- 
thesis can be positioned in any defined geometric array. A l l l l o o o o 
square or rectangular matrix is convenient but not required. x i o o 1 1 o o 
The rows of the switch matrix may be transformed into any l5 5« 
convenient array as long as equivalent transformations are 

used for each row. 11111111 

For example, the masks in the four-step synthesis below 
are then denoted by: To form all of the polymers of length 4, the reactant matrix 

[ABCD ABCD ABCD ABCDjis used. The switch matrix will 
= l 1 =° 0 i 1 0 -° 1 be formed from a matrix of the binary numbers from 0 to 2 16 

0 0 it l 0 "o l arranged in columns. The columns having four moaomers 

are than selected and arranged into a switch matrut 
where 1 denotes illumination (activation) and 0 denotes no Therefore, it is seen that the binary switch matrix in general 
fll nrrnnari nn will provide a representation of all the products which can 

The matrix representation is used to generate a desired set be made from an n-stcp synthesis, from which the desired 
of products and product maps in preferred embodiments. products are then extracted. 

Each compound is defined by the product of the chemical The rows of the binary switch matrix win. in preferred 
vector and a particular switch vector. Therefore, for each embodiments, have the property that r*rh masking step 
synthesis address, one simply saves the switch vector. illuminates half of the synthesis area. Each moving step 
assembles all of them into a switch matrix, and extracts each 30 also factors the preceding masking step; that 1a, half of the 
of the rows to form the masks. region that was ill ununited in the preceding step is again 

In some cases, particular product distributions or a maxi- ittuminated, whereas the other half is not Half of the region 
mal number of products are desired. For example, for that was uniUurninated in the preceding step is also 
OfAJB.CD], any switch vector (oj) consists of four bits. m ununited, whereas the other half is not Thus, masking is 
Sixteen four-bit vectors exist. Hence, a maximum of 16 35 recursive. The arc constructed, as described 

different products can be made by sequential addition of the previously, by extracting the dements of rtrh row and 
reagents (AJJ.CX)]. These 16 column vectors can be placing them in a square array. For example, the four m*<w 
assembled in 16! different ways to form a switch matrix. The in S for a four-step synthesis are: 
order of the column vectors defines the moving patterns, 

and, therefore, the spatial ordering of products but not their 40 l l l l l l l l 

makeup. One ordering of these columns gives the following l l i t o o o o 

switch matrix (in which "null" (6) additions arc induded in m,c 0 o 0 1 i i i 

brackets for the sake of completeness, although such null oooo oooo 

additions are elsewhere ignored herein): 

43 1 i 0 0 10 10 

110 0 10 10 
110 0 10 10 
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The recursive factoring of masks allows the products of a 
light-directed synthesis to be represented by a poiynomiaL 
(Same light activated syntheses can only be denoted by 
irreducible, Le., prime polyiK>mials.) For example, the poly- 
35 normal corresponding to the top synthesis of FIG. 9a 
(discussed below) is 

P-<A+BXC +D) 

The columns of S according to this aspect of the invention 

are the binary representations of the numbers 15 to 0. The A reaction rx)rynomial may be expanded as though it were 

sixteen products of this binary synthesis are ABCD. ABC, 60 an algebraic expression, provided that the order cf joining of 

ABD. AB. ACD. AC, AD. A. BCD. BC, BD, B. CD, C, D. reactants X t and Xj is preserved (K{K 2 ifiXOCj), Le,, the 

and 6 (null). Also note that each of the switch vectors from products are not commutative. The product then is AC+AD+ 

the four-step synthesis masks above (and hence the synthesis BC+BD. The por/nomial explicitly specifies the reactants 

products) are present in the four bit binary switch matrix. and implicitly specifics the mask for each step. g*/-fr pair of 

(See columns 6, 7, 10, and 11) 65 parentheses demarcates a round of synthesis. The chemical 

This synthesis procedure provides an easy way for map- reactants of a round (e.g., A and B) react at Donoveriapping 

ping the completed products. The products in the various sites and hence cannot combine with one other. The synthe- 
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sis area is divided equally amongst the elements of a round 
(eg., A is directed to one-half of the area and B to the other 
half). Hence, the masks for a round (e.g.. the masks m^and 
mB) are orthogonal and form an orthoDormal set The 
polynomial notation, also signifies that each element in a 
round is to be joined to each element of the next round (e.g., 
A with C. A with D. B with C and B with D). This is 
accomplished by having overlap m A an equally, and 
likewise for m^. Because C and D are elements of a round, 
rnc and mp are orthogonal to each other and form an 
orrhonormal set. 

The polynomial representatioQ of the binary synthesis 
described above, in which 16 products are made from 4 
reactants, is 

which gives ABCD. ABC, ABD. AB, A CD, AC, AD. A. 
BCD. BC BD, B, CD, C, D. and • when expanded (with the 
rule that 0X»X and Xft=X. and remembering that joining is 
ordered). In a binary synthesis, each round contains one 
reactant and one null (denoted by 6). Half of the synthesis 
area receives the reactant and the other half receives nothing. 
v*rb mask overlaps every other mask equally. 

Binary rounds and Don-binary rounds can be interspersed 
as desired, as in 

The 18 compounds formed are ABCE ABCF. ABCG. 
ABDE. ABDF. ABDG, ABE. ABF, ABG, BCE, BCF, BCG. 
BDE. BDF. BDG. BE, BF, and BG.Tbc switch matrix S for 
this 7-step synthesis is 

11111111ICOO0OOOOO 

1 1 1 I 1 I I 1 1 1 1 1 1 1 1 1 1 1 

1 110000001 1 1000000 
5 = 0 00111000000111000 
100100100100100100 
010010010010010010 
001001001001001001 

The round denoted by (B) places B in all products because 
the reaction area was uniformly activated (the mask for B 
consisted entirely of l's). 

The number of compounds k formed in a synthesis 
consisting of r rounds, in which the ith round has b f chemical 
reactants and z< nulls, is 

and the number of chemical steps n is 

The number of compounds synthesized when b=a and ^=0 in 
all rounds is a"**, compared with 2" for a binary synthesis. 
For r**20 and a»5. 625 compounds (all tetrameros) would be 
formed, compared with 1.049x10* compounds in a binary 
synthesis with the same number of chemical steps. 

It should also be noted mat rounds in a polynomial can be 
nested, as in 

(A+<B*«xc+«X r >+«) 
The products are AD, BCD. BD. CD. D, A, BC, B f C, and 

e. 

Binary syntheses are attractive for two reasons. First, they 
generate the m«imal number of products (2") for a given 
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number of chemical steps (n). For four reactants, 16 com- 
pounds are formed in the binary synthesis, whereas only 4 
are made when each round has two reactants. A 10-step 
binary synthesis yields 1.024 compounds, and a 20- step 
5 synthesis yields 1.048.576. Second, products formed in a 
binary synthesis are a complete nested set with lengths 
ranging from 0 to o. All compounds that can be formed by 
dating one or more units from the longest product (the 
n-mer) are present Contained within the binary set are the 
10 smaller sets that would be formed from the same reactants 
using any other set of masks (e.g.. AC, AD. BC. and BD 
formed in the synthesis shown in FIG. 6 are present in the 
set of 16 formed by the binary synthesis). In some cases, 
however, the experimentally achievable spatial resolution 
may not suffice to accommodate all the compounds formed. 
13 Therefore, practical limitations may require one to select a 
particular subset of the possible switch vectors for a given 
synthesis. 

1. EXAMPLE 

' FIG. 6 illustrates a synthesis with binary masking scheme. 
20 The binary masking scheme provides the greatest number of 
sequences for a given number of cycles. According to this 
embodiment, a ma sic ml allows illumination of half of the 
substrate. The substrate is then exposed to the building blocic 
A, which binds at the illuminated regions. 
25 Thereafter, the mask m2 allows illumination of half of the 
previously illuminated region, while protecting half of the 
previously illnrniTiatrd region. The building block B is then 
added, which binds at the illuminated regions from m2. 
The process continues with masks m3, m4, and m5, 
30 resulting in the product array shown in the bottom portion of 
the figure. The process generates 32 (2 raised to the power 
of the number of monomers) sequences with 5 (the number 
of monomers) cycles. 

2. EXAMPLE 

35 FIG. 7 illustrates another preferred binary masking 
scheme which is referred to herein as the gray code masking 
scheme. According to this embodiment, the masks ml to m5 
are selected such that a side of any given synthesis region is 
defined by the edge of only one mask The site at which the 
40 sequence BCDE is formed, for example, has its right edge 
drfirtAd by mS and its left side formed by mask m4 (and no 
other mask is aligned oo the sides of this site). Accordingly, 
problems created by misalignment, diffusion of light under 
the mask and the like will be minimi irx\ 
45 3. EXAMPLE 

FIG. S illustrates another binary masking scheme. 
According to this scheme, referred to herein as a modified 
gray code masking scheme, the number of masks needed is 
fninimiT^/4 For example, the mask m2 could be the same 
50 mask as ml and simply translated laterally. Similarly, the 
mask m4 could be the same as mask m3 and simply 
translated laterally. 
4. EXAMPLE 

A four-step synthesis is shown in FIG. 9a. The reactants 
55 are the ordered set {A3 .CD}. In the first cycle, humiliation 
through m l activates the upper half of the synthesis area. 
Building block A is then added to give the distribution 6#2. 
IQumination through mask m, (which activates the lower 
half)* followed by addition of B yields the next intermedi atr 
60 distribution 604. C is added after illumination through m 3 
(which activates the left half) giving the distribution 6*4, 
and D after illumination through m* (which activates the 
right half), to yield the final product pattern 6#8 (ACAD, 
BC3D). 
65 5. EXAMPLE ' \ 

The above masking strategy for the synthesis may be 
extended for all 400 dipeptides from the 20 naturally occur- 
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ring amino acids as shown in FIG. 9b. The synthesis consists of the controls needed to assess the fidelity of a synthesis, 

cf two rounds, with 20 photolysis and chemical coupling For example, tbe fluorescence signal from a synthesis area 

cycles per round. In the first cycle of round 1. mask 1 nominally containing a tetrapeptide ABCD could come from 

activates '/20th of the substrate for coupling with the first of a tripeptide deletion imparity such as ACD. Such an artifact 

20 amino acids. Nineteen subsequent Rumination/coupling 5 would be ruled out by the finding that the fluorescence 

cycles in round 1 yield a substrate consisting of 20 rectan- intensity of the ACD-site is less than, that of the ABCD site, 

gular stripes each bearing a distinct member of the 20 amino The fifteen most highly labelled peptides in the array 

acids. The masks of round 2 are perpendicular to round 1 obtained with the synthesis of 1.024 peptides described 

masks and therefore a single Hit rmi na ti on/ coupling cyde in above, were YGAFLS (SEQ. ID No:5). YGAFS (SEQ. ID 

round 2 yields 20 dipeptides. The 20 muminarion/coupling 10 No:6). YGAFL (SEQ. ID No:7), YGGFLS (SEQ. ED No:8), 

cycles of round 2 complete the synthesis of the 400 dipep- YGAF (SEQ. ID No:8), YGALS (SEQ. ID No:9). YGGFS 

tides. (SEQ. ID No:10). YGAL(SEQ. ID No:ll). YGAFLF(SEQ. 

6. EXAMPLE ID No:12), YGAF (SEQ. ID No:13). YGAFF (SEQ. ID 

The power of the binary masking strategy can be appre- No:l4) ? YGGLS (SEQ. ID No: 15). YGGFL (SEQ. ID 

dated by the outcome of a 10-step synthesis that produced 15 No:16), SEQ. 3D No:17) t and YGAFLSF (SEQ. I fifteen 

1.024 peptides. The polynomial expression for this 10-step begin with YG. which agrees with previous wort showing 

binary synthesis was: that an amino-tenrrinnl tyrosine is a key determinant of 

A 4 is other F or L. The exclusion of S and T from these 

Each peptide occupied a 400x400 um square. A 32x32 20 positions is clear cut. The finding thai the preferred sequence 
peptide array ( 1,024 peptides, including the null peptide and is YG (A/G) (F/L) fits nicely with the outcome of a study in 
10 peptides of 1=1. and a limited number of duplicates) was which a very large library of peptides on phage generated by 
dearly evident in a fluorescence scan following side group recombinant DNA methods was screened for binding to 
deprotection and treatment with tbe antibody 3E7 and fluo- antibody 3E7 (see Cwirla et aL f Proc. NaxL Acad. 5a. USA, 
resonated antibody. Each synthesis site was a 400x400 um 25 (1990) 87:6378, incorporated herein by reference). Addi- 
square. tional binary syntheses based on leads from peptides on 

The scan showed a range of fluorescence intensities, from phage experiments show that YGAFMQ (SEQ. ID No: 18), 
a background value of 3300 counts to 22.400 counts in the YGAFM (SEQ. ID No:19), and YGAPQ (SEQ. ID No:20) 
brightest square (x=20, y=9). Only 15 compounds exhibited give stronger fluorescence signals than does YGGFM, the 
an intensity grratrr than 12300 counts. The mrdian value of 30 iinmunogen used to obtain antibody 3E7. 
the array was 4,800 counts. Variations on the above masking strategy win be valuable 

The identity of each peptide in the array could be deter- in rrrtain circumstances. For example, if a "kernel" 
mined from its x and y coordinates (each range from 0 to 3 1) sequence of interest consists of PQR separated from XYZ 
and the map of FIG. 10. The chemical units at positions 2, and mat the aim is to synthesize peptides in which these 
5. 6. 9. and 10 are specified by the y coordinate and those at 33 units are separated by a variable number of different 
positions 1. 3. 4. 7. 8 by the x coord in irr All but one of the residues, then the kernel can be placed in each peptide by 
peptides was shorter than 10 residues. For example, the using a mask that has l*s everywhere. The polynomial 
peptide at x=12 and y=3 is YGAGF (SEQ. ID No 3) representation of a suitable synthesis is: 
(positions 1, 6. 8. 9, and 10 are nulls). YGAFLS (SEQ. ID 

Ko:4), the brightest element of tbe array, is at x=20 and y=9. *o (PXQX^XA^XB^XC^X^XXXYXZ) 

It is often desirable to deduce a binding affinity of a given sixteen peptides will be formed, ranging in length from the 
peptide from the measured fluorescence intensity. 6-mer PQRXYZ to the 10-mcr PQRABCDXYZ. 
Conceptually, the simplest case is 00c in which a single Several other mitring strategics will also find value in 
peptide binds to a univalent antibody molecule. The fluo- selected circumstances. By using a particular r™^ more 
rescenccscan is carried out after the slide is washed with 43 than 0 ncc. two or more reactants will appear in tbe same set 
buffer for a defined time. The order of fluorescence in ten- 0 f products. For example, suppose that the n™<* for an 
sides is then a measure primarily of the relative dissociation 8-$tep synthesis is 
rales of the antibody -peptide complexes. If the on-rale 

constants are the same (e.g., if they are diffusion-controlled), 

the order of fluorescence intensities will correspond to the 50 A linoooo 

order of binding affinities. However, the situation is some- B 00001111 

times more complex because a bivalent primary antibody £ oonoou 

and a bivalent secondary antibody are used. The density of £ 10101010 

peptides in a synthesis area cocrespooded to a mean sepa- F 01010101 

ration of -7 nm, which would allow mahivaJcnt antibody- 35 0 11110000 

peptide interactions. Hence, fluorescence intensities H oooouu 

obtained according to the method herein will often be a 

qualitative indicator of binding affinity. The products are ACEG, AGFT3, ADEG. ADFG, BCEH. 

Another important consideration is the fidelity of syntfae- BGFH, BDF.H. and BDFH. A and G always appear together 
•sis. Deletions arc produced by incomplete phcrtodeprocection 60 because their additions were directed by the same mask, and 
or incomplete coupling, Tbe coupling yield per cycle in likewise for B and H. 
these experiments is typically between 85% and 95%. C. Tinlr ^ Selection 

Implementing tbe switch matrix by masking is imperfect According to preferred embodiments the linker molecules 
because of light dim-action, internal reflection, and scatter- used as an intermediary between the synthesized polymers 
ing. Consequently, stowaways (chemical units that should 65 and the substrate are selected for optimum length and/or 
not be on board) arise by unintended fllirrni nation of regions type for improved binding interaction with a receptee 
that should be dark. A binary synthesis array contains many According to this aspect of the invention diverse linkers of 
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varying length and/or type art synthesized for subsequent carboxyl group of an amino acid, and the nature of the 

machine ni of a ligand. Through variations in the length and chemical synthesis will dictate which reactive group will 

type of linker, it becomes possible to optimize the binding require a protecting group. Analogously, attachment of a 

interaction between an immobilized ligand and its receptor. protecting group to the S'-bydrcccyl group of a nucleoside 

The degree of binding between a ligand (peptide. 3 during synthesis using for example, poosphate-triester cou- 

inhibitor. hapten, drug, etc) and its receptor (enzyme. P^S chemistry, prevents the 5-hydroxyl of one nucleoside 

antibody, etc) when one of the partners is immobilized on t™m reacting with the T-activated phosphate-tricster of 

to a substrate wul in some embodiments depend on the Mother. 

accessibility of the receptor in solution to thVimmobuized *^? S of , * c *~* c usc ' ^J*"*"* S™** « 

ligand. m accesribuiry in tarn will depend on the length 10 ^^l' 0 V***? on a mol{ f? c from raclm « 
^.r~ \ , , uu ^. lcu » Ui with another reagent Protecting groups of the present inven- 
tor type of linfamolcoile employed to um^bihze one tion ^ ^ J^wii* charactefflTthey prevent selected 
of the partners. Preferred embodiments of the invention m from modiMng the group to which they are 
therefore employ the ULSIPS™ technology described attached; they are s tabic (that is, they remain attached to the 
herein to generate an array of, preferably, inactive or inert molecule) to the synthesis reaction conditions; they are 
linkers of varying length and/or type, using photochemical 15 removable under conditions that do not adversely affect the 
pro t e ctin g groups to selectively expose different regions of rernaining structure; and once removed, do not react appre- 
the substrate and. to build upon chemically-active groups. dably with the surface or surface-bound oligomer. The 
In the simplest embodiment of this concept, the same unit selection of a suitable protecting group will depend, of 
is attached to the substrate in varying multiples or lengths in course, on the chemical nature of the monomer unit and 
known locations on the substrate via VLSIPS™ techniques 20 oligomer, as well as the specific reagents they are to protect 
to generate an array of polymers of varying length, A single against. 

ligand (peptide, drug, hapten, etc) is attached to each of in x preferred embodiment, the protecting groups are 

them, and an assay is performed with the binding site to photoactivatable. The properties and uses of photoreactive 

evaluate the degree of binding with a receptor that is known protecting compounds have been reviewed. See, McCray et 

to bind to the ligand. In cases where the linker length 23 ^ ^ fa pf Biophys. and Biopkys. Cherru (1989) 

impacts the ability of the receptor to bind to the ligand, 18:239-270, which is incorporated herein by reference, 

varying levels of binding will be observed. In general, the Preferably, the photosensitive protecting groups will be 

linker which provides the highest binding will then be used removable by radiation in the ultraviolet (UV) or visible 

to assay other Uganda synthesized in accordance with the . portion of the electromagnetic spectrum. More preferably, 

techniques herein. 30 mc protecting groups will be removable by radiation in the 

According to other embodiments the binding between a ncar TJV or visible portion of the spectrum. In some 

single hgand/reccptor pair is evaluated for linkers of diverse embodiments, however, activation may be performed by 

monomer sequence. According to these embodiments, the 0 ^ a methods such as localized heating, electron beam 

linkers are synthesized in an array in accordance with the lithography, laser pumping, oxidation or redoctioa with 

techniques herein and have different monomer . sequence 35 rnkrodectrodes. and the like. Sulfonyl compounds are suit- 

(and, optionally, different lengths). Thereafter, all of the able reactive groups for electron beam lithography. Oxidi- 

linkcr molecules arc provided with a ligand known to have trvc or reductive removal is accomplished by exposure of the 

at least some binding affinity for a given receptor. The given prc<ecting group to an electric current source, preferably 

receptor is then exposed to the ligand and binding a ffinit y is UJ jj,g microdectrodes directed to the predefined regions of 

deduced, linker molecules which provide adequate binding 40 ^ c surface which arc desired for activation. Other methods 

between the ligand and receptor arc then utilized in screen- may be used in light of this disclosure, 

ing studies. Many, although not all. of the pbotoremovable protecting 

D. Protecting Groups groups will be aromatic compounds that absorb near-TJV and 

As discussed above, selectively removable protecting visible radiation. Suitable pfaotoremovable protecting 

groups allow creation of well defined areas of substrate 45 groups are described in, for example, McCray et aL, 

surface having differing reactivities. Preferably, the protect- Patchorrrik, J. Attuk QHcm. Sec. (1970) 92 :6333, and Anrii 

ing groups are selectively removed from the surface by ct ai.,7. Ory. Chem. (1974) 39:192, which arc incorporated 

applying a specific activator, such as electromagnetic radii- herein by reference. 

tion of a specific wavelength and intensity. More preferably, A preferred class of photoremovabic protecting groups 

the specific activator exposes selected areas of surface to 30 has the general formula: 
remove the protecting groups in the exposed areas. 

Protecting groups of the present invention are used in rs kox 

conjunction with solid phase oligomer syntheses, such as j? jL R i 

peptide syntheses using natural or unnatural amino acids. \^\ >s o - T Ss YV^V' 

nucleotide syntheses using deoxyribonucleic and ribo- 33 O " 1 v V I 

nucleic acids, oligosaccharide rytithcscs, and the like. In rt^^Z^^r 1 

addition to protecting the substrate surface from unwanted T 

reaction, the protecting groups block a reactive end of the RJ 
monomer to prevent self-porymerization. For instance, 

attachment of a protecting group to the amino terminus of an 60 where R\ R 2 , R 3 . and R 4 independently are a hydrogen 

activated amino acid, such as an N-hydroxysuccinimide- atom, a lower alkyl, aryl, benzyl, halogen, hydroxy!, 

activated ester of the amino acid, prevents the amino termi- alkoxyl. thiol, thioetber. amino, nitro, carboxyL formate, 

nus of one monomer from reacting with the activated ester forma mirk) or phosphido group, or adjacent substituents 

portion of another during peptide synthesis. Alternatively, (Lc, R l -R 2 , R 3 -R 3 , R 5 -R 4 ) are substituted oxygen groups 
the protecting group may be attached to the carboxyl group 65 that together form an cyclic acetal or ketal; R 5 is a hydrogen 
of an amino acid to prevent reaction at this she. Most atom, a alkoxyl. alkyl, hydrogen, halo, aryL or alkenyl 
protecting groups can be attached to either the amino or the group, and n=0 or 1. 
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A preferred protecting group, 6-mtroveratryl (NV). which 
is used for protecting tbc carboxyl terminus of an amino acid 
or the hydroxyl group of a nucleotide, for example, is 
formed when R 2 and R 3 are each a methoxy group, R 1 , R* 
and R 3 are each a hydrogen atom, and o=0: 




OMn 



A preferred protecting group. 6-nitroveratrylaxycarbonyl 
(NVOC), which is used to protect the amino terminm of an 
amino add, for example, is formed when R 2 and R 3 are each 
a methoxy group, R\ R 4 and R 3 are each a hydrogen atom, 
and n=l: 



O NOj 




Olio 



Another preferred protecting group, 6-nitropipcronyl 
(NP), which is used for protecting the carboxyl terminus of 
an amino acid or the hydroxyl group of a nucleotide, far 
example, is formed when R 2 and R 3 together form a meth- 
ylene acetal. R 1 . R 4 and R 3 arc each a hydrogen atom, and 
n=0: 




Another preferred protecting group. 
6-oitropipcronyloxycarbonyl (NPOQ, which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 together form a methylene acetal. 
R 1 . R 4 and R 3 are each a hydrogen atom, and n=l: 



O NOj 




A most preferred protecting group, memyl-o^nitroveratryl 
(MeNV). which is used for protecting the carboxyl tenninus 
of an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 2 and R 3 are each a methoxy 
group, R l and R 4 are each a hydrogen atom, R 3 is a methyl 
group, and n*0: - . ^ 
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Vie NOj 



5 




Another most preferred protecting group, methyl-6- 
nitroveratryloxycarbonyl (MeNVOC), which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
fanned when R 2 and R 3 are each a methoxy group, R l and 
R 4 are each a hydrogen atom. R 3 is a methyl group, and n=l : 



20 




Another most pteferred protecting group, methyl-6- 
nitropipcronyl (MeNP), which is used for protecting the 
carboxyl terminus of an amino add or the hydroxyl group of 
a nucleotide, far example, is formed when R 2 and R 3 
together farm a methylene acetal, R 1 and R 4 are r*<-fa a 
hydrogen atom, R 3 is a methyl group, and n=0: 



33 




Another most preferred protecting group, methyl-6- 
nitropipcronylcxycarbonyl (MeNPOQ. which is used to 
45 protect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 together farm a methylene acetal, 
R 1 and R 4 are each a hydrogen atom, R 3 is a methyl group, 
and d=1: 



30 o Vk NOx 




go A protected amino acid having a photoactivatable oxy- 
carbonyl protcctiog group, such NVOC or NPOC or their 
corresponding methyl derivatives, MeNVOC or MeNPOC. 
respectively, on the amino terminus is farmed by acyladng 
the amine of the amino acid with an activated axycarbonyl 

6J ester of the protecting group. Examples of activated oxy- 
carbonyl esters of NVOC and MeNVOC have the general 
formula: 



23 
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OP 



HVOC-X 
O Me NOi 




OMo 
McNVOC-X 



where X is halogen, mixed anhydride, phenoxy, 
p-mtrophenoxy, N-hydraxy$ucnn?rm*dr, and the like. 

A prote cte d amino acid or nucleotide having a photoac- 
trvatable protecting group, such as NV or NP or their 
corresponding methyl derivatives, MeNV or McNP, 
respectivdy, oo the carboxy tcrminm of the amino acid or 
^-hydroxy terminus of the nudeotide. is formed by acylat- 
ing the carboxy terminus or 5 -OH with an activated benzyl 
derivative of the protecting group. Examples of activated 
benzyl derivatives of MeNV and McNP have the general 
formula: 



Me NO* Me NOj 




where X is halogen, hydroxy I, tosyL mesyL trifluormcthyl, 
dUxo, azido, and the like. 

Another method for generating protected monomers is to 
react the benzylic alcohol derivative of the protecting groop 
with an activated ester of the monomer. For example, to 
protect the carboxyl terminus of an amino acid an activated 
ester of the amino acid is reacted with the alcohol derivative 
of the protecting group, such as o^iiitroveratrol (NVOH). 
Examples of activated esters suitable for such uses include 
halo-formate, mixed anhydride, iznidazoyl formater acyl 
halide, and also induces formation of the activated ester in 
situ the use of common reagents such as DCC and the like. 
See AtbertOG et al for other examples of activated esters. 

A farther method for generating protected monomers is to 
.react the benzylic alcohol derivative of the protecting group 
with an activated carboa of the monomer. For example, to 
protect the S'-hydroxyi group of a nudeic acid, a derivative 
having a 5'-actrvated carbon is reacted with the alcohol 
derivative of the protecting group, such as methyl-6- 
nitropiperonol (MePyROH). Examples of nudeotides hav- 
ing activating groups attached to the 5'-hydroxyl group have 
the general formula: 



where Y is a halogen atom, a tosyL mesyl, trifluoromethyl. 
10 azido. or diizo groop. and the like. 

Another class of preferred photochemical protecting 
groups has the formula: 



15 



2fl 




25 where R l , R\ and R 3 independently are a hydrogen atom, a 
lower alryL aryL benzyl, halogen, hydroxyL alkoxyl, thiol, 
thioether, amino, nitro, carboxyl, formate, formanrido, 
sulfanates, sulfido or pbosphido group, R 4 and R 3 indepen- 
dently are a hydrogen atom, an alkoxy. alkyL halo, aryL 

30 hydrogen, or aikenyl group, and n=0 or 1. 

A preferred protecting group, 
1 -pyre nylmethy 1 oxy carbony 1 (PyROC), which is used to 
protect the amino terminus of an amino acid, for example, is 
formed when R 1 through R s are each a hydrogen atom and 

35 n=l: 



Another preferred protecting group, 1-pyrenylmethyl 
(PyR), which is used for protecting the carboxy terminus of 
an amino acid or the hydroxyl group of a nudeotide, for 
example, is farmed when R 1 through R 5 are each a hydrogen 
atom and n=0: 



An amino add having a pyrcnytroethyloxy carbony! pro- 
65 tecting group od its amino terminus is formed by acyiarion 
of the free amine of amino add with an activated oxy car- 
bony! ester of the pyreoyl protecting group. Examples of 
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activated oxycarbonyl esters of PyROC have the general 
formula: 




o 



where X is halogen, or mixed anhydride, p-nirrophenaxy. or 
N-hydroxysuccinimide group, and the like, 

A protected amino acid or nucleotide having a photoac- 
tivatahle protecting group, snch as PyR, on the carbaxy 
terminus of the amino acid or y-hydraxy terminus of the 
nucleic acid, respectively, is formed by acylating the car- 
boxy terminus or 5'-OH with an activated pyrenyimethyl 
derivative of the protecting group. Examples of activated 
pyrenyimethyl derivatives of PyR have the general formula: 




where X is a halogen atom, a hydroxyl, diazo, or azido 
group, and the like. 

Another method of generating protected monomers is to 
react the pyrenyimethyl alcohol moiety of the protecting 
group with an activated ester of the monomer. For example, 
an activated ester of an amino acid can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyi- 
methyl alcohol (PyROH), to form the protected derivative of 
the carboxy terminus of the amino acid. Examples of acti- 
vated esters include halo-formate, mixed anhydride, imida- 
zoyl formate, acyl halide, and also includes formation of the 
activated ester in situ and the use of common reagents such 
as DCC and the like. 

a early, many photosensitive protecting groups are suit- 
able for use in the present invention. 

In preferred embodiments, the substrate is irradiated to 
remove the pbotoremovable protecting groups and create 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups depends on the wavelength and intensity 
of the incident radiation, as well as the physical and chemi- 
cal properties of the protecting group itself. Preferred pro- 
tecting groups are removed at a faster rate and with a lower 
intensity of radiation. For example, at a given set of 
conditions, MeNVOC and MeNPOC are photolytically 
removed from the N-tenxrinus of a peptide faster than 
their unsubstituted parent compounds, NVOC and NPOC, 
respectively. 

Removal of the protecting group is accomplished by 
irradiation to liberate the reactive group and degradation 
products derived from the protecting group. Not wishing to 
be bound by theory, it is believed that irradiation of an 
NVOC- and MeNVOC-protected oligomers occurs by the 
following reaction schemes: 
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NVOC-AA^3,4-dimethoxy-6-nitro3obeazaldehyde+ 
C0 2 +AA 

MeNVOC-AA^3 .4-dimethoxy-o^m 
C0 2 +AA 

5 where AA represents the N-terminus of the amino a^H 
oligomer. 

Along with the unprotected amino addL other products are 
liberated into solution: carbon dioxide and a 23-dimethoxy- 
6-nitrosophenylcarbonyl compound, which can react with 

10 nudeophilic portions of the oligomer to form unwanted 
secondary reactions. In the case of an NVOC-protected 
amino acid, the degradation product is a 
nitroscbenzaldehyde. while the degradation product for the 
other is a mtrosophenyl ketone. For instance, it is believed 

l5 that the product aldehyde from NVOC degradation reacts 
with free amines to form a Schiff base (imine) that affects the 
r emainin g polymer synthesis. Preferred photoremovable 
protecting groups react slowly or reversibiy with the oligo- 
mer on the support. 

Again not wishing to be bound by theory, it is believed 
that the product ketone from irradiation of a MeNVOC- 
protected oligomer reacts at a slower rate with nucleophfles 
on the oligomer than the product aldehyde from irradiation 
of the same NVOC-protected oligomer. Although not unam- 

^ biguously determined, it is believed that this difference in 
reaction rate is due to the difference in general reactivity 
between aldehyde and ketones towards nucleoptules due to. 
steric and electronic effects. 
The photoremovable protecting groups of the p r es e nt 

^ invention are readily removed. For example, the photolysis 
of N-proCected L-rAenylalanine in solution and having dif- 
ferent photaremovable protecting groups was analyzed, and 
the results are presented in the following table: 



TABLE 



40 



Fbc-oWw of Prwocted L-Fbe — OH 










Sohrea NBOC 


NVOC MeNVOC 


MeNPOC 


Dktxxoc 12SS 


110 24 


19 


5 raM H&OJDxsamc 1575 


98 33 


22 



The half life, tl/2, is the time in seconds required to 

43 remove 50% of the starting amount of protecting group. 
NBOC is the o-rntrobcnzyloxycarbonyl group, NVOC is the 
o^xritroveratryloxycarbonyi group, MeNVOC is the methyl- 
6-ni£iweratryioxycarbonyl group, and MeNPOC is the 
metrryl^nitiopiperonyloxycarboQyl group. The photolysis 

50 was carried out in the indicated solvent with 362/364 
nm- wavelength irradiation having an intensity of 10 
mW/cm 2 , and the concentration of each protected phenyla- 
lanine was 0.10 mM. 
The table shows that deprotection of NVOC-, MeNVOC-, 

55 and MeNPOC-protected phenylalanine proceeded faster 
than the deprotection of NBOC Furthermore, it shows that 
the deprotection of the two derivatives that are substituted 
on the benzylic carbon. MeNVOC and MeNPOC were 
photolyzcd at the highest rates in both dioxane and acidified 

60 dioxane. 

1. Use of Pbotoremovable Groups During Solid-Phase 
Synthesis of Peptides 

The formation of peptides on a solid-phase support 
requires the stepwise attachment of an amino acid to a 
65 substrate-bound growing chain. In order to prevent 
unwanted polymerization of the monomelic amino add 
under the reaction conditions, protection of the amino ter- 
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minus of the amino add is required. After the monomer is 
coupled to the end of the peptide, the N-terminal protecting 
group is removed, and mother amino add is coupled to the 
chain. This cyde of coupling and deprotecting is continued 
for each amino add in the peptide sequence. See Memfidd, 3 
7. Am. Chem, Soc. (1963) 85:2149. and Atherton et aL, 
••Solid Phase Peptide Synthesis" 1989, IRL Press. London, 
both incorporated herein by reference for all purposes. As 

described above, the use of a pbotorcmovable protecting where B is the base attached to the sugar ring; R is a 
group allows removal of sdectcd portions of the substrate 10 hydrogen atom when the sugar is deoxyribose or R is a 
surface, via patterned irradiation, during the deprotection bydroxyl group when the sugar is ribose; P represents an 
cyde of the solid phase synthesis. This selectively allows activalcd phosphorous group; and X is a photoremovable 
spatial control of the synthesis-the next amino add is ? n ^lf^ ^ ^T^^^^ X. 
cc^edonrytothc irradiated areas is preteblyNV, NP, PyR. MeNV. MeNP. and the like as 

^ 7 ara5 ' is described above. The activated phosphorous group. P. is 

In one embodiment, the photoremovable protecting preferably a reactive derivative having a high coupling 
groups of the present invention are attached to an activated efficiency, such as a phosphate-triester, phosphoramidite or 
ester of an amino add at the amino terminus: the hke. Other activated phosphorous derivatives, as well as 

reaction conditions, are well known (See Gait). 
Y^^NH-x jo E. Amino Add N-Carboxy Anhydrides Protected With a 

|^ Photoremovable Group 

R EXtring MenifirM peptide synthesis, an activated ester of 

one amino add is coupled with the free amino terminus of 
. — . . , . , «^ • , . a substrate -bound oligomer. Activated esters of amino vi<H 

where R is the side chain of a natural or unnatural amino suitable for the solid phase synthesis induce halo-formate, 
aod. X is a pootorcmovabk protecting group, and Y is an 23 mixed anhydride, iinidazoyl formate, acyl halide, and also 
activated carboxyUc add derivative. The photoremovable includes formation of the activated ester in situ and the use 
protecting group. X. is preferably NVOC, NPOC FyROC, of common reagents such as DCC and the like (See Atherton 
MeNVOC MeNPOC and the like as discussed above. The et aL). A preferred protected anact activated amino add has 
activated ester, Y is preferably a reactive derivative having the general formula: 
a high coupling efSriency, such as an acyl halide. mixed 

anhydride, N-hydroxysucdnimide ester, perfluoropbenyl o 
ester, or urethane protected add, and the Iflr^. Other acti- r Jf 

vated esters and reaction conditions are well known (See I! 
Atherton et »1.). „ „ ° 

2. Use of Ptotoremovable Groups During Solid-Phase ]f ^\ 

Synthesis of Oligonudcotides o <> 

The formation of oligonudcotides on a solid-phase sup- 
port requires the stepwise attachment of a nucleotide to a where R is the side chain of the amino acid and X is a 
substrate-bound growing oligomer. In order to prevent 40 photoremovable protecting group. This compound is a 
unwanted polymerization of the monomelic nucleotide urethane- protected amino acid having a photoremovable 
under the reaction conditions, protection of the S'-bydroxyl protecting group attach to the amine. A more preferred 
group of the nucleotide is required. After the monomer is activated amino add is formed when the photoremovable 
coupled to the end of the oligomer, the 5 -hydroxyl protect- 43 protecting group has the general formula: 
ing group is removed, and another nucleotide is coupled to 
the chain. This cyde of coupling and deprotecting is con- 
tinued for each nucleotide in the oligomer sequence. See 
Gait, Oligonucleotide Synthesis: A Practical Approach" 
1984. IRL Press. London, inccrporaied herein by reference 50 
for all purposes. As described above, the use of a photore- 
movable protecting group allows removal, via patterned 
hxadiation, of selected portions of the substrate surface 
during the deprotection cyde of the solid phase synthesis. where R\ R 3 , R 5 , and R* independently are a hydrogen 
This sdecti very allows spatial control of the synthesis-the 35 atom, a Iowa alkyl, aryl. benzyl, halogen, hydroxy L, 
next nucleotide is coupled only to the irradiated areas. alknxyl. thiol, tmoether, amino, nitro, carboxyl formate, 

OUgonudeotide synthesis generally involves coupling an fonnarmdo^ or ^pbosphido group, or adjacent substitacnts 
activated phosphorous derivative on the 3'-hydroxyl group ( Lc " R * R » R " R ' R'-R 4 ) are substituted oxygen groups 
of a nudeotide with the 5'-hydroxyl group of an oligomer togcthcr form 1 **** <* and R 5 is a 

bound to a solid support. Two major chemical methods exist 60 n ^ M ^ ty* 0 **** <* 

to perform this coupling: the rjhosphate-triester and phos- .^f^S , . . . , . , . . 

j iL j Trt t" s J? *T\. A preferred activated ammo acid is formed when the 

poo nrnifii te methods (See Gait). Protecting erouos of the . . . , . . 

» • . . L , * ftiuu^n mi mc photoremovable protecting erouo is 

present invention are suitable for use in dther method. 5 _ , . f " . . *a V " 

^ mcuxjo. 6-mtrovcratrylo*ycarbonyL That is, R l and R are each a 
In a preferred embodiment, a photoremovable protecting 63 hydrogen atom, R J and R 3 are each a methoxy group, and 

group is attached to an activated nudeotide on the R 3 is a hydrogen atom. Another preferred activated amino 

S'-hydroxyl group: acid is formed when the photoremovable group is 
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6-ratraripcroflyl: R 1 and R 4 are each a hydrogen atom. R 2 
and R together form a methylene acetaL and R 3 is a 
hydrogen atom Other protecting groups arc possible. 
Another preferred activated ester is formed when the pho- 
toremovable groap is methyl-6-nitroverairyl or methyl-6- 
nitropiperooyl. 

Another preferred activated amino acid is formed when 
the photorempvable protecting group has the general for- 
mula: 




where R\ R\ and R 3 independently are a hydrogen atom, a 
lower alkyl, aryL benzyl halogen, hydroxyl, alkoxyL thiol, 
thioether, amino, nitro, carboxyl, formate, formamido, 
sulfanates. sum do or phosphido group, and R 4 and R 3 
independently are a hydrogen atom, an alkoxy. alkyl, halo, 
aryL hydrogen, or aflcenyl group. The resulting compound is 
a urefhane-protected amino acid having a pyrcnyimetby- 
loxycarbonyl protecting group attached to the amine. A more 
preferred embodiment is farmed when R 1 through R 5 are 
each a hydrogen atom. 

The urethane-protected amino adds having a phot ore- 
movable protecting group of the present invention are pre- 
pared by condensation of an N-protected amino acid with an 
acy taring agent such as an acyl haiiA- anhydride, chioro- 
formatc and the like (Sec Fuller et aL, U.S. PaL No. 
4,946542 and Fuller et aL, J. Amer. Chan. Sac. (1990) 
112:7414-7416. both herein incorporated by reference for 
all purposes). 

Urethane-protected amino acids having photoremovable 
protecting groups arc generally useful as reagents during 
solid-phase peptide synthesis, and because of the spatially 
selectivity possible with the photoremovable protecting 
group, are especially useful for the spatially addressable 
peptide synthesis. These amino acids are difunctiocai: the 
ur ethane group first serves to activate the carboxy terminus 
far reaction with the amine bound to the f*rf>cc and. once 
the peptide bond is formed, the photoremovable protecting 
group protects the newly formed amino terminus from 
further reaction. These amino acids are also highly reactive 
to nudecphiles, such as deprotected amines on the surface 
of the soHd support and due to this high reactivity, the 
solidrphase peptide coupling times are significantly reduced, 
and yields are typically higher. 

IV. Data Collection 
A. Data Collection System 

Substrates prepared in accordance with the above descrip- 
tion are used in one embodiment to determine which of the 
plurality of sequences thereon bind to a receptor of interest 
FIG. II illustrates one embodiment of a device used to 
detect regions of a substrate which contain flourescent 
markers. This device would be used, for example, to detect 
the presence or absence of a labeled receptor such as an 
antibody which has bound to a synthesized polymer oo a 
substrate. 

Light is directed at the substrate from a light source 1002 
such as a laser light source of the type well known to those 
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of skill in the art such as a model no. 2025 by Spectra 
Physics. light from the source is directed at a lens 1*64 
which is preferably a cylindrical lens of the type well known 
to those of skill in the art. The resulting output from the lens 

3 1004 is a linear beam rather than a spot of light, resul ting in 
the cap ab ility to detect data substantially simultaneously 
along a linear array of pixels rather than on a pixel-by-pixel 
basis. It will be understood that a cylindrical lens is used 
herein as an illustration of one technique for generating a 

10 Unear beam of light on a surface, but that other techniques 
could also be utilized. 

The beam from the cylindrical lens is passed through a 
dichroic mirror or prism (10*6) and directed at the surface 
of the suitably racp j ed substrate 1008. Substrate 1008 is 
placed on an x*y translation stage 1009 such as a model oo. 

15 PM500-8 made by Newport. Light at certain locations on the 
substrate will be fluoresced and transmitted along the path 
indicated by dashed Hues back through the dichroic mtrxor. 
and focused with a suitable lens 1010 such as an 171.4 
camera lens oo a linear detector 1012 via a variable f stop 

20 focusing lens 1014. Through use of a linear light beam, it 
becomes possible to generate data over a line of pixels (such 
as about 1 cm) along the substrate, rather than from indi- 
vidual points on the substrate. In alternative embexfiments, 
light is directed at a 2-dirnensional area of the substrate and 

25 fluoresced light detected by a 2-dimensional CCD array. 
Linear detection is preferred because substantially higher 
power densities are obtained. 

Detector 1012 detects the amoant of light fluoresced from 
the substrate as a function of position. According to one 

30 embodimrnt the d et e ct or is a linear CCD array of the type 
commonly known to those of skill in the art The x-y 
translation stage, the light source, and the detector 1012 are 
all operabry connected to a computer 1016 such as an IBM 
PC-XT or equivalent for control of (he device and data 

35 collection from the CCD array. 

In operation, the substrate is a p propriately positioned by 
the translation stage. The light source is then iiiirmimf^ 
and intensity data are gathered with the computer via the 
detector. 

40 FIG. 12 illustrates the architecture of the data collection 
system ia greater detail Operation of the system occurs 
under the direction of the photon counting program 1102 
(photon), included herewith as Appendix B. The user inputs 
the scan dimensions, the number of pixels or data points in 

45 a region, and the scan speed to the counting ^i^mn Via a 
GP1B bus 1104 the program (in an IBM PC compatible 
computer, for example) interfaces with a ^iM^«^n^ scaler 
110* such as a Stanford Research SR 430 and an x-y stage 
controller 1108 such as a PM500. The signal from the light 

50 from the fluorescing substrate enters a photon counter 1110. 
providing output to the scaler 1106. Data are output from the 
scaler indicative of the number of couats in a given region. 
After sranmng a selected area, the stage controller is acti- 
vated with commands for acceleration and velocity, which in 

55 turn drives the scan stage 1112 such as a PM500-A to 
another region. 

Data are collected in an image ***** file 1114 and pro- 
cessed in a scaling program 1116, also included in Appendix 
B. A scaled image is output for display on, for example, a 

60 VGA display 1118. The image is scaled based on an input of 
the percentage of pixels to dip and the minimi rm and 
mirimum pixel levels to be viewed. The system outputs for 
use the min and max pixel levels in the raw <i*ta 
B. Data Analysis v 

65 The output from the data collection system is an array of 
data indicative of fluorescent intensity versus location on the 
substrate. The data are typically taken over regions substan- 
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tially smaller than the area in which synthesis of a given 
polymer has taken place, Merely by way of example, if 
polymers were synthesized in squares oo the substrate 
having dimensions of 500 microns by 500 microns, the 
may be taken over regions having dimensions of 5 microns 
by 5 micro as. In most preferred etubodiments. the regions 
aver which flourescence data are taken across the substraie 
are less man about Vi the area of the regions in which 
individual polymers are synthesized, preferably less than Yio 
the area in which a single polymer is synthesized, and most 
preferably less than Vioo the area in which a single polymer 
is synthesized. Hence, within any area in which a given 
polymer has been synthesized, a Large number of fluores- 
cence data points are collected. 

A plot of number of pixels versus intensity for a scan of 
a cell wben it has been exposed to, for extmple. a labeled 
antibody will typically take the form of a bell curve, but 
spurious data are observed, particularly at higher intensities. 
Since H is desirable to use an average of fluorescent intensity 
over a given synthesis region in ^^^'^ relative binding 
affinity, these spurious dan will tend to undesirably skew the 
data. 

Accordingly, in one embodiment of the invention the data 
are corrected far removal of these spurious data points, and 
an average of the data points is thereafter nfflrr^ in deter- 
mining relative binding efficiency. 

FIG. 13 illustrates one embodiment of a system for 
removal of spurious dau from a set of flocroceiice data such 
as data used in affinity screening studies. A user or the 
system inputs data retiring to the chip location and cell 



At step 1312 the system then integrates the data within the 
bandwidth for each of the selected cells, sorts the data at step 
1314 using the synthesis procedure file, and displays the data 
to a user on. for example, a video display or a printer. 

5 

V. Representative Applications 
A Oligonucleotide Synthesis 

The generality of light directed spatially addressable 
parallel chemical synthesis is demonstrated by application to 
10 nucleic add synthesis. 
1. Example 

light activated formation of a thyrnidinecytidine dimcr 
was carried oul A three dimensional representation of a 
fluorescence scan showing a checkerboard pattern generated 
l5 by the light-directed synthesis of a dinudeodde is shown in 
FIG. 8. y-nitrovcratryl thymidine was attached to a synthe- 
sis substrate through the 3' hyaraxyl group. The mtroveratryl 
pro tecting groups were removed by illumination through a 
500 mm checkerboard mask. The substrate was then treated 
with phosphoramidile activated 2'-deoxYcytidiiie. In order to 
20 follow the reaction fluorometricalry, the deoxycytidine had 
been modified with an FMOC protected ansnohexyl KnVrr 
attached to the exocycUc amine (5*0-cometrKixytriryl-^-N- 
(6-N-fluorenylmethylcarbamoyl-hexylcarboxy)-2 , v 
deoxycytidine). After removal of the FMOC protecting 
25 group with base, the regions which contained the dinacle- 
otide were fluoresce otly labelled by treatment of the sub- 
strate with 1 mM FTTC in DMF for one hour. 

The three-dimensional representation of the fluorescent 
intensity data in FIG. 14 clearly reproduces the checker- 



careen at step 1302. From this information and the image 30 board Rumination pattern used daring photolysis of the 



file, the system creates a comp uter representation of a 
histogram at step 1344. the histogram (at least in the form of 
a computer file) plotting number of data pixels versus 
intensity. 

For each oelL a main data analysis loop is then performed. 35 
For each cell* at step 1346. the system ralruUtcs the total 
intensity or number of pixels for the bandwidth centered 
around varying intensity levels. For example, as shown in 
the plot to the right of step 1346, the system calculates the 
number of pixels within the band of width w. The system ^ 
then "moves" this bandwidth to a higher center intensity, and 
again calrulatr* the number of pixels in the bandwidth. This 
process is repeated until the entire range of intensities has 
been yannrd. and at step 1348 the system determines which 
band has the highest total number of pixels. The data within 
this bandwidth are used for further analysis. Assuming the 
bandwidth is selected to be reasonably small this procedure 
will have the effect of flnrrinaring spurious dau located at 
the higher intensity levels. The system then repeats at step 
1310 if all cells have been evaluated, or repeats for the next 
cell. 
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substrate This result demonstrates that oligonucleotides as 
well as peptides can be synthesized by the tight-directed 
method. 

VL Conclusion 

The inventions herein provide a new approach for the 
simultaneous synthesis of a Urge number of compounds. 
The method can be applied whenever one has chemical 
building blocks that can be coupled in a solid-phase format, 
and when Light can be used to generate a reactive group. 

The above description is illustrative and not restrictive. 
Many variations of the invention will become apparent to 
those of skill in the art upon review of this .disclosure. 
Merely by way of example, while the invention is illustrated 
primarily with regard to peptide and nucleotide synthesis, 
the invention is not so limited. The scope of the invention 
should, therefore, be determined not with reference to the 
above aescriprioc, but instead should be determined with 
reference to the appended claims along with their full scope 
of equivalents. 



SBOjC9CSLCrnNO 



( I ) ODatAL INFORMATION: 

(lit )NU*«Dl CT SBQCZXCES: 21 

< 2 )O^PC«MAnONPOK3BQlDNO:l: 



( i )SSCJ0Dia!CHAaAClSU3TICS: 
( A ) LENGTH: i ammo acxfc 
( B ) TYPE: mb acid 
( C ) STJLAKDtrjNESS: mm} 
( D )TOFCCOO r E kmmt 
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( i i ) MOLECULE riTfcp^rkfc 

( I t )SBQOB4C£DesaUPX}OK:SBQID NO:l: 

T 7 r O I j OIt P b • L • n 

1 3 



( 2 )INF0ftMATKNFORSBQn)NO2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 mmm 
( B ITff&nMnl 
( C ) STXANDEDNE3S4 Mfk 
( D ) TOPOLOGY: Bow 

( i i ) MOLECULE TTP&paptada 

( i i ) SSQCENCB DPSCBI7TJON: SBQ ID MOO; 

Pro O 1 7 O 1 7 P b • L « a 

1 3 

( 2 ) INFORMATION FOR SBQ ID N03: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LJENOTH: 5 mxmm ndi 
< B )TTPE; aauM acid 
( C ) STJtANDEDNESS: co*4c 
( D )TOPCCCOTi &nr 

( t i ) MDLBCULE TTPE: paptab 

(si) SEQUENCE DESCRIPTION: SBQ ID NCO: 

T 7 r O 1 7 All Oly Pa • 

t 3 

{ 2 ) INFORMATION FOR SBQ ID NO*: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 anao auk 
( B )TTPE: aa» acid 
{ C ) STRANDEDNESS: M|b 
( D )TOPOLOOT: Kaaar 



< i i ) MCLBCULE TTPE: J 
(it) SEQUENCE DESCRIPTION: SBQ ID HO* 



T y r 0 1 7 Ala Pa* La* S«r 

1 3 



( 2 ) INPOOMATICN POR SBQ ID NCtS: 

( i ) 38QCENCE CHARACTERISTICS: 
( A ) LENGTH: 3 au> acid* 
( B ) TTPE: no aaid 
( C ) STRANDEONESS: ««> 
< D )TOPCLOOn&aaar 

( i i ) MOLECULE TTPE: papdaa 

( * i ) SSQUBKZ. DESCJUrilON: SBQ ID N03: 

Tyi O 1 7 All Phi 3 • r 

1 3 

( 3 ) INFORMATION FOR SSQ Q> NOA 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 mmm» aaJa 
( B > TYPE: mmmo acid 
( C ) 5TRANDEDNBSS: oagta 
( D )TOPOLOO%baHar 
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< i i ) M3LBCULB TYPE: ptp&fc 

( 1 1 ) SBQUEMCE DESOtlPTXX: SBQ ID NO*: 

Tyt Oly Ala Phe L«n 

1 5 



< 1 ) IHFORMATION PC* SEQ ID NCh7: 

( i ) SBQUENCE CHARACTEH1STICS: 
( A ) LEHQIH: 6«bo addi 
( B )TTT£:n»oni 
( C ) STRANDEDNESSi sm«fe 
(D)TOPOCOOT:Sm> 

< I i ) MOLBCULETYF&paptidB 

( x i ) SBQUQCE DESCJUPTK*i: SBQ ID NOt7: 

Tyt Ol T Ol 7 Ph i L*o S«r 

1 5 

( 7 ) tKPOftMADON PC* SBQ ID NO* 

( 1 )38QUENCEC&A3LfUrtEXI5IXS: 
( A ) LENGTH: 4 bod aods 

( b ) ttpe: add 

( C )3BtAHDeDNES3:M«l» 
( D )TOTO(JOOT: c 

( 1 1 ) MOI Pfin.H TTPE: pf6d» 

< x 1 ) SDQOEMCE DeaOUTDON: SBQ ID NCh*; 

T 7 r Olj Alt P fc • 
1 

( 2 ) DTOLMAnON P-OR SBQ ID NO* 

( » )SBgUCHCEC31AKACrexITTK3: 
( A )lA«7IU:!Mnli 
( B )TT7S:M»»n4 
( C ) 3TKANDCDNES3: h^. 
( D ) TOPOLOGY: Saw 

( i t ) MOLBCULE TTFE: P"pod» 

T 7 i O 1 7 Ala L • • 3 « r 

1 5 



( 2 ) INFORMATION PC* SBQ ID NOtIO: 

( 1 ) SBQUCNC8 CBAJtACTESOTtSa: 
< A ) LSNOTH: J ammo mmm 
( B )TTPB: mbm idJ 
( C )3HAK3eDKBS3:i^ 
( D ) TOPOLOOTl mmm 



( 1 i ) MOLBCULB TTP& | 
(x i ) jayJHia DCJUUi'liON: SBQ ID NOKh 

T 7 r O I 7 Ol 7 Pkf s • r 

1 5 



( 3 ) IKPCmMXnON PC* SBQ ID NO.ll: 

( i ) 3&QCENCE CHARACTERISTICS: 
< A )lfiKntl:4iMink 
( B )TYPE:«MO*ekl 
( C ) StRANDCDWESS; mjm 
( D ) TOPOLOGY: Smmt 
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( i i )MX£CULETTF£:p»p6fe 

( x i ) SBQCENCE DGSOUPTION: SEQ ID NOLI: 

T y r O I y Alt Lid 

1 



( 2 )INFOSMAI10Kra SEQ tD 2*0:12: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LEN0ZH: 6 nbo **U 
( B )TCE:n»aKid 
( C ) SXRANDEDNESS: satjk 
( D )T0POL0OTf:E««' 

( t i )VKX£OJLETTPE:p^6dc 

< x i ) SEQUENCE DeSCRiraCN: SEQ CD NOU: 

Tyr Ol t Ala Ph • L« o Fki 

1 5 

( 2 )N=CftMXnOWPORSBQrDNOl3: 

( i )3SQCENCHCHAJtACTEai5TIC3; 

( A ) LEHOTH; 5 «a> vad» 
( B )TlTE:«x»«ni 
( C )3TXANB£Dr<ESS: -k«W 
( D ) TOPOCOOT: Itacar 

( i i ) MOLECULE TTPE;f»p64i 

< x i ) SaQQEHCZ ESeSCUrnGN: SEQ ID HO:0: 

T j I O 1 > Alt Ph« rk • 

1 3 

( 2 ) INFORMATION PCft SEQ ED NO:14: 

( i )SaQ0ENC£CBAKACIElISrDC3: 
( A ) LENGTH: 3 mmao acada 
( B ) TTTE; mm aod 
{ C )SIXA»eeONESS: wmjm 
( D )TOCLOOT:fr-« 



( i i )» 

( I i ) SEQUENCE DesOUTCION: S3Q ID NO.M: 

T 7 r O 1 7 O I 7 L«m S • r 

I S 

( 2 ) INFORMATION PORSBQIDNOttS: 

( i )SagpEN£ECHA]LACIBtISTX3: 
( A )LEN0TH: 3 amiao aoidi 
{ B ) TYPE: wiao and 
< C )SntANQCDMS3: 
( D )70rOLCCT.iaMr 

(it ) MOLECDLB TTPE: papad* 

( i i ) 0QGB4C2 C83CKX7TJON: SBQID NO:L3: 

Tyr O I y O I 7 Pbi L«m 

1 3 

( 2 ) INFORMATION PC* SEQ © NOI6: 

( i ) SEQUENCE CBAJLACTEX2STIC3: 
( A ) LENGTH: 6 mm* maU 
(B )TT7E: mm 1 mi I 
( C )SDUNDEDNESS:tn^* 

<D)ioroLoar.iMc 
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( i i ) MOLECULE TYPE: papa* 

( I 1 ) SEQUENCE D t^Utlf 1KJ N: SBQ P NO-.16: 

Tyt Oly Ala Pha Sar Pha 

1 3 



( 2 ) INFORMATION FOR SSQ ID NO-J7: 

( i ) 58QUENCE CHAJULCTERISTICS: 
( A ) LENGTH: 7jboo m±Lx 
( B ) TYPEc aaias and 
( C ) 3IRANDEDNESS: 
(D)70*OtOOY:£a«ar 

{ i i ) MOLECULE TTTPEp^kk 

(z i )SSQCENa:DesCSU?DOK:SBQ2DNO:n: 

Tyr 01 y Alt Pba L a « Sar Pki 

I 5 



( 2 ) INFORMATION FOR SSQ ID NCMfc 

( i )SBQCENC»CaAJWCIHttSTlCS: 
( A >LBNOIB:6n»aab 
( B ) TT7E: jbbdo Kid 
( C)STAANDCDNESS:aktfa 
( D ) TOFOLOOT: Imc 

( i i ) MOU1CULE TYPE: papvfc 

( x i ) sequence DcaaurooN: sbq id noi* 

Tjr Ol 7 Ala Paa Mat Ola 

1 3 



( 2 ) INFORMATION FOR S8Q ID NO-.19: 

( i ) SBQUENCE CSAXACTOtiroCS: 
( A ) LENGTH: J aaam acad* 
( B )TT7S: wna^d 
( C ) 3TRAKDEDNBS3: aa^a* 
( D ) TOFOLOOT: M«r 

( i i ) MQUCUU! TYPE: aa»od» 

( x ■ ) SBQUENCE DBSCJtimON: SBQ ID NO:!* 

T y r O 1 7 Ala Pa* Mat 

1 5 



( 2 ) INFORMATION FOR 38Q ID NOOfc 

( 1 ) SEQUENCE CHAfcACraOSDCS: 
( A )LEMTlH:3aaa«>«»Ii 
( B ) TYPE; aaaaa and 
( C ) SZKANDeQNESS: aa*a 
( D ) TOFOLOOT iw 

( I 1 ) MCUCULE TYPE: papad* 

( x I ) SBQUENCE DESCRIPTJOR SBQ ID NOOCfc 

T 7 I 0 1 7 Ala Pa* Ola 

1 5 



( 2 ) INFORMATION PGR SBQ ID N021: 

( i )5BqUE><BCHAJLACIWOTC3: 
< A JLENOnfcJaaavackfe 
( B ) TYPE;— m i 
( C ) SYRANDE0NE33: m«W 
( D ) TOPOLOGY: Mm 



